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Oi ducmg them. Pharmaceutical compositions containing the heterocyclic derivative or a pharmaceutically acceptable salt 

£j thereof, particularly. ACAT inhibitors and lipoperoxidation inhibitors. The heterocyclic derivatives and pharmaceutically 

h2 a ^ ab ' e j SaltS thereof 01 ^ P fesent invention show superior ACAT inhibitory activity and lipoperoxidation inhibitory 
activity, and are useful as ACAT inhibitors and hyperlipemia inhibitors. 

q_ To be spec^'C. *ey are useful for the prevention and treatment of arteriosclerotic lesions of arteriosclerosis, hyper- 
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Description 

Technical Field 

The present invention relates to novel heterocyclic derivatives, a method of production thereof and pharmaceutical 
use thereof. More particularly, the present invention relates to novel heterocyclic derivatives having an indoline ring or 
tetrahydroquinoline ring, a method of production thereof and pharmaceutical use thereof, specifically acyl-CoA : cho- 
lesterol acyltransferase (hereinafter ACAT) inhibitors and lipoperoxidation inhibitors. 

Packgrpund Art 

It is a well-known fact that arteriosclerosis is an extremely important factor causing various circulatory diseases, 
and active studies have been undertaken in an attempt to achieve suppression of the evolution of arterial sclerosis or 
regression thereof. In particular, although the usefulness of a pharmaceutical agent which reduces cholesterol in Wood 
or arterial walls has been acknowledged, an ideal pharmaceutical agent exhibiting positive clinical effects while causing 
less side-effects has not been realized. 

In recent years, it has been clarified that cholesterol accumulated in arterial walls in the ester form thereof signifi- 
cantly evolves arteriosclerosis. A decrease in cholesterol level in blood leads to the reduction of accumulation of cho- 
lesterol ester in arterial walls, and is effective for the suppression of evolution of arteriosclerosis and regression thereof. 

Cholesterol in food is esterified in mucous membrane of small intestine, and taken into blood as chylomicron. ACAT 
is known to play an important role in the generation of cholesterol ester in mucous membrane of small intestine. Thus, 
if esterif ication of cholesterol can be suppressed by inhibiting ACAT in mucous membrane of small intestine, absorption 
of cholesterol by mucous membrane and into blood can be presumably prevented to ultimately result in lower choles- 
terol level in blood. 

In arterial walls. ACAT esterifies cholesterol and causes accumulation of cholesterol ester. Inhibition of ACAT in 
arterial walls is expected to effectively suppress accumulation of cholesterol ester. 

From the foregoing, it is concluded that an ACAT inhibitor will make an effective pharmaceutical agent for hyperli- 
pemia and arteriosclerosis, as a result cf suppression of absorption of cholesterol in small intestine and accumulation 
of cholesterol in arterial walls. 

Conventionally, for example, there have been reported, as such ACAT inhibitors, amide and urea derivatives [J. 
Med. Chem., 29 : 1131 (1986), Japanese Patent Unexamined Publication Nos. 117651/1990, 7259/1990 32666/1993 
and 327564/1992]. ' 

However, creation and pharmacological studies of these compounds have been far from sufficient. 

Meanwhile, peroxidation of low density lipoprotein (LDL) is also highly responsible for accumulation of cholesterol 
ester in arterial walls. In addition, it is known that peroxidation of lipids in a living body is deeply concerned with the 
onset of arteriosclerosis and cerebrovascular and cardiovascular ischemic diseases. 

Accordingly, a compound having both ACAT inhibitory activity and lipoperoxidation inhibitory activity is highly useful 
as a pharmaceutical product, since it effectively reduces accumulation of cholesterol ester in arterial walls and inhibits 
lipoperoxidation in the living body, thereby preventing and treating various vascular diseases caused thereby. 

It is therefore an object of the present invention to provide a compound having ACAT inhibitory activity and lipoper- 
oxidation inhibitory activity, a method for production thereof and pharmaceutical use thereof, particularly as an ACAT 
inhibitor and lipoperoxidation inhibitor. 

Disclosure of the Invention 

The present inventors have conducted intensive studies with the aim of accomplishing the above-mentioned object 
and found that a certain heterocyclic derivative having an indoline ring or tetrahydroquinoline ring has lipoperoxidation 
inhibitory activity in addition to strong ACAT inhibitory activity, and that said compound has strong anti-hyperlipemia 
effect and anti-arteriosclerosis effect, which resulted in the completion of the invention. 

Thus, the present invention relates to a heterocyclic derivative of the formula (I) 
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R* I 



(CH 2 ) n 



I 7 (i) 



wherein 



one of R 1 ,. R 2 , R 3 and R 4 is a group of the formula -NHCO-R 6 wherein R 6 is optionally substrtuted alkyl, optionally 
15 substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted aryl, 

optionally substituted arylalkyl, optionally substituted heterocycle. optionally substituted 
heterocyclic alkyl, -R A S0 3 A, -R B P0 3 B where R A and R B are each alkylene and A and B are 
each alkali metal or hydrogen atom, -NR 7 R 8 where R 7 is optionally substituted alkyl, option- 
ally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted aryl 
70 or optionally substituted arylalkyl and R 8 is hydrogen atom or lower alkyl, or -R 9 -OCOR 10 

where R 9 is alkylene and R 10 is optionally substituted alkyl, optionally substrtuted heterocy- 
cle or optionally substrtuted heterocyclic alkyl, and the remaining three may be the same or 
5 different and each is independently a hydrogen atom, a lower alkyl or a lower alkoxy; 

R is an optionally substituted alkyl, an optionally substrtuted cycloalkyl, an optionally substi- 

tuted cycloalkylalkyl, an optionally substituted aryl, an optionally substituted arylalkyl. an 
optionally substituted heterocycle. an optionally substrtuted heterocyclic alkyl. an alkenyi. 
an alkynyl. a dialkylaminoacyloxyalkyl, -R D S0 3 D or -R E PQ 3 E where R D and R E are each 
alkylene and D and E are each alkali metal or hydrogen atom, provided that when R 4 is - 
NHCO-R 6 , R 5 and R 6 optionally combinedly form a ring; and 
30 m j s 1 or 2, 

[hereinafter this compound is also referred to as Compound (I)] and a pharmaceutical^ acceptable salt thereof. 

The present invention also relates to a method for producing the above-mentioned heterocyclic derivative or a phar- 
maceutical^ acceptable salt thereof, which comprises a step of 



25 



35 



40 



45 



® reacting an amine of the formula (II) 




(CH 2 ) n 

(II) 



wherein R 11 , R 1 * and R 13 may be the same or different and each is independently hydrogen atom, lower alkyl or 
lower alkoxy, and R 5 and m are as defined above [hereinafter also referred to as Compound (II)], and an isocyanate 
so of the formula (III) 



R 7 NCO 



wherein R 7 is as defined above [hereinafter also referred to as Compound (III)]; 
55 ® reacting Compound (II) and a halogen compound of the formula (IV) 



R 6 -COX (IV) 



wherein X is halogen atom and R 6 is as defined above [hereinafter also referred to as Compound (IV)]; 
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® reacting Compound (II) and a carboxylic acid of the formula (V) 

R 6 'COOH (V) 

wherein R 6 ' is optionally substituted alkyl, optionally substituted cydoalkyl, optionally substituted cycloalkylaJkyl, 
optionally substituted aryl. optionally substituted arylalkyl, optionally substituted heterocycle or optionally substi- 
tuted heterocyclic alkyl [hereinafter also referred to as Compound (V)] or a reactive derivative thereof; 
© reacting an isocyanate of the formula (VI) 



15 




(VI) 



wherein R 5 , R 11 , R 12 , R 13 and m are as defined above [hereinafter also referred to as Compound (VI)], and an 
amine of the formula (VII) 

HNR 7 R 8 (V||) 

wherein R 7 and R 8 are as defined above [hereinafter also referred to as Compound (VII)]; or 
© reacting a compound of the formula (VIII) 



30 




(VIII) 



H 



wherein R 1 , R 2 , R 3 , R 4 and m are as defined above [hereinafter also referred to as Compound (VIII)], and a com- 
40 pound of the formula (IX) 

R 5 x (ix) 

wherein R 5 and X are as defined above [hereinafter also referred to as Compound (IX)]. 

45 

The present invention also relates to pharmaceutical compositions. ACAT inhibitors and lipoperoxidation inhibitors 
containing the above-mentioned heterocyclic derivative or a pharmaceutical^ acceptable salt thereof. 
In the present specification, each symbol denotes the following. 

Lower alkyl at R 1 . R 2 , R 3 , R 4 , R 8 , R 11 . R 12 and R 13 may be linear or branched and preferably has 1 to 4 carbon 
so atoms. Examples thereof include methyl, ethyl, propyl, isopropyl. butyl, isobutyl, sec-butyl, tert-butyl and the like. 

Lower alkoxy at R 1 , R 2 , R 3 . R 4 , R 11 , R 12 and R 13 may be linear or branched and preferably has 1 to 4 carbon 
atoms. Examples thereof include methoxy. ethoxy, propoxy. isopropoxy, butoxy, isobutoxy. sec-butoxy, tert-butoxy and 
the like. 

Alkyl at R 5 . R 6 , R 6 \ R 7 and R 10 may be linear or branched and preferably has 1 to 12 carbon atoms. Exarrples. 
55 thereof include methyl, ethyl, propyl, isopropyl. butyl, isobutyl. sec-butyl, tert-butyl. pentyl. isopentyl, neopentyl. hexyl. 
heptyl. octyl. nonyl, decyl, undecyl, dodecyl. 1.1-dimethylpropyl, 1.1-dimethylbutyl. 1.1-dimethylpentyl. 1.1-dimethyl- 
hexyl. 3.3-dimethylbutyl. 4,4-dimethylbutyl and the like. 

Cydoalkyl at R 5 . R 6 . R* and R 7 preferably has 3 to 6 carbon atoms. Examples thereof include cydopropyl. 
cyclobutyl. cyclopentyl. cyclohexyl and the like. 



BNSDOCID: <EP 0782986A1_I_> 



EP 0 782 986 A1 



20 



25 



30 



35 



40 



45 



50 



55 



» ^W'K Si""'^*"* «■!*•* and*..*. 

oafton'aZs tLl« o. £1S."J^ "-"jly as aenplKiea abo» and is alky, maial, p^ad* has , » « 

voafcon* ca^a-M. acC^S^^aS^^ — » — * — * 

and crater h.s2.orc^ia^E»^af.^;^ nea Ac " < "'>' ""■>• ba lr», a, dranohS 

orbrS^ 
oyl and the **-£TS5£^ 

dimethylaminoacetoxyprop^dtS specrf,cal| y exempted by N.NKlimethylaminoacetoxyethy.. N.N- 

*mSk5£ ^lenee^e R tZ^J^ ar °' 1™*"* and Preferab,y has 1 to 8 Examples 
^ethyiethy.ene.2^^ tetramethy. e ne. pentamelhylene. hexamethy.ene^7 

SaSae^fom £ y ° *" E J SOdium - potessium an * ■» like. 

t52 rC-NHCO WrfE!^ Ch '° rine at0m " br ° mine at0m ' iodine atom — the like. 

as l.^imethyltrimethylene. ...«.£#JSI^^ Examples thereof include a.kylene such 

2.2^methylpentarnethylene and the like aS aWene h a Sn ^^tl!2? e,hylene ' ''•^^^'perrtamethylene. 
C^HafeC^OCOC^H^C^-andthe'like^ * 9 '° C0 " b0n * SUCh 38 <*»W»*0O0<av r . - 

1 h 1 ^ e ^ e If ab 1 ,e Com P ound (0 <* the present invention includes, for example 

1 -butyl-3-(i -hexyl-4,6-dimethylindolin-5-yl)urea. example, 

1 -butyl-3-(1 -hexyl-4,6-dimethylindolin-7-yl)urea 

N-(1-hexvlwt.6^imethylindolin-5-yl)-2.2-dimethylpropanamide 

N-1-hexyM,6^imethylindolin-7-yl)-2.2<limethylpropanamide 

N- 1 -Pentyl-^.S-dimethyfindolin-y-yO^^^imethylpropanamide 

N-1-sos^M.6^imethylindolin-7-yl)-2,2Klimethylpropanamide 

N- -hexyW.6^imethy.indo.in-7-yl)- 2 , 2 < 1 i m ethylbatanamide 

N "SSI'tJ ! mrt ^ i ^ in - 7 -^-2.2^imethv1pertanan^ 

N-(1-hexyl-4. 6 ^,methylindolin-7-yl)-cyclohexanamide. 

wl^^'^'^^^'^^^^^^^^^y'-S-ethoxypropanamide 

and the like, and pharmaceutically acceptable salts thereof 

The Compound (I) may be converted to a pharmaceutically acceptable salt thereof 
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acid and the like; an organic acid such as oxalic acid, fumaric acid, maleic acid, citric acid, tartaric acid, methanesul- 
fonic acid, toluenesurfonic acid and the like; and the like. 

When Compound (I) has an acidic group such as carboxyl, it can form an alkali metal salt such as sodium salt, 
potassium salt and the like; alkaline earth metal salt such as calcium salt, magnesium salt and the like; organic base 
5 salt such as triethylamine salt, dicydohexylarnine salt, pyridine salt and the like; and the like. 

The Compound (I) and pharmaceutical^ acceptable salts thereof can be produced, for example, by the following 
methods. 

Production Method 1 

10 

Compound (II) and compound (III) are reacted. 

This method produces a compound of the formula (I) wherein R 6 is -NR 7 R 8 where R 8 is hydrogen atom. 

This reaction generally proceeds in an inert solvent. Examples of the inert solvent indude acetone, dioxane, ace- 
tonitrile. chloroform, benzene, methylene chloride, ethylene chloride, tetrahydrofuran. ethyl acetate, N.N-dimethylforma- 
75 mide, pyridine, water and the like, and mixtures thereof. 

In addition, a base such as triethylamine, pyridine, 4-cfimethylaminopyridine. potassium carbonate and the like may 
be added. 

The reaction temperature is generally from -10°C to 160°C, preferably 20-100°C, and the reaction time is generally 
from 30 minutes to 10 hours. 
20 The starting compound (II) can be prepared, for example, by the following method. 
A nitro group is introduced into a compound of the general formula (X) 



25 




I 

wherein R 11 , R 12 , R 13 and m are as defined above and R 14 is an amino-protecting group [see J. Eric. Mordlander, et 
al., J. Org. Chem., 46, 778-782 (1981)], (introduction of nitro onto benzene ring) using nitric acid in a mixed solvent of 
acetic acid and sulfuric acid, and the amino-protecting group is eliminated. The compound thus obtained and com- 
pound (IX) are reacted, and nitro group is reduced using a catalyst such as palladium-carbon and the like to give start- 
ing compound (II). 

Examples of the amino-protecting group at R 14 include acyl such as forrnyl, acetyl, monochloroacetyl. dichloro- 
acetyt, trichloroacetyl. trifluoroacetyl. propionyl, benzoyl and the like. 

Said amino-protecting group is eliminated by a method known perse. For example, it is eliminated by the action of 
an add (e.g., hydrochloric acid, formic acid, trifluoroacetic add and the like) or an alkali (e.g., sodium hydroxide, potas- 
sium hydroxide, sodium carbonate, sodium hydrogencarbonate and the like), or other method. 

Production Method 2 

45 Compound (II) and compound (IV) are reacted. 

This method produces a compound of the formula (I) wherein R 6 can be any one of those defined above. 
This reaction generally proceeds in an inert solvent. Examples of the inert solvent indude acetone, dioxane, ace- 
tonitrile, chloroform, benzene, methylene chloride, ethylene chloride, tetrahydrofuran, ethyl acetate, N.N-dimethylforma- 
mide, pyridine, water and the like, and mixtures thereof. 
so in addition, a base such as triethylamine, pyridine. 4-dimethylaminopyridine, potassium carbonate and the like may 

be added. 

The reaction temperature is generally from -10°C to 100°C, preferably 0-60°C, and the reaction time is generally 
from 30 minutes to 10 hours. 

55 Production Method 3 

Compound (II) and compound (V) or a reactive derivative thereof are reacted. 
This method produces a compound of the formula (I) wherein R 6 is R 6 \ 

This reaction generally proceeds in an inert solvent. Examples of the inert solvent indude acetone, dioxane, ace- 
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be JlS* 0 "' 3 ba&e ^ 38 triethy,amine ' Pyridine. 4-dimethylaminopyridine, potassium camonate and the like may 
I^S " 9enera " y ,r0m - 10OC to 100 ° C - O^X and the reaction time is generally 

amide (e.g am.de wrth imidazole etc.). ester (e.g.. cyanomethyl ester, 4-nitrophenyl ester and the like) and thl iTto 
When Compound (V) is used as a free ackJ or salt in this reaction, the reaction* pTe^eraWy carnS otifn * ™ 

Producti on Method A 

Compound (VI) and compound (VH) are reacted. 

This method produces a compound of the formula (I) wherein R 6 is -NR 7 R 8 

be aSd2 ,rt '° n ' 3 ^ "* 38 friet * ,amine - <* ridi " e - ^imethyiaminopyridine. potassium carbonate and the like may 

from?o e Ss n to SET " 9enera " y ,r ° m t0 16 °° C - Preferably 10 - 100 ° C - « *• «*" * senera.^ 
b.ing^ e pSSe C ° mPOUnd ^ " f0r 6Xample ' * disso,vin 9 W> * an inert solvent and bub- 

Production M»thoH g 

Compound (VIII) and compound (IX) are reacted 

mide. pyndine. water and the like, and mixtures thereof yuroTuran, einyi acetate, N.N-dimethyHbrma- 

and Inet^be^ " triethy,amine ' ^ethylaminopyridine. potassium carbonate, sodium hydrfce 

from^uTtoTh^ 6 * 9enera " y ,r ° m - 10 ° C 10 10 °° C ' Prefer ^ ^ « the reaction time is general* 



R 

H2N T 

R 



1 » 



S« kTj^^SSKiS Usin9 comcound " ' co ° w " a «-> — ■ 
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5 




(XII) 



wherein R 1 , R 2 , R 3 , R 4 , R 14 and m are as defined above, is obtained. This compound is deprotected to give compound 
(VIII). 

The Compound (I) of the present invention obtained as in the above can be purified by a method conventionally 
75 known, such as chromatography and recrystallization. 

This Compound (I) can be converted to a pharmaceutical^ acceptable salt by a method known perse. 

The Compound (I) and pharmaceutical ly acceptable salts thereof of the present invention show superior ACAT 
inhibitory activity and lipoperoxidation inhibitory activity in mammals (e.g., human, cow, horse, dog, cat, rabbit rat, 
mouse, hamster, and the like) and are useful as ACAT inhibitors and hyperlipemia inhibitors. To be specific, they are 
20 useful for the prevention and treatment of arteriosclerotic lesions such as arteriosclerosis, hyperlipemia and diabetes, 
as well as ischemic diseases of brain, heart and the like. 

A pharmaceutical composition containing Compound (I) or a pharmaceutical ly acceptable sart thereof of the 
present invention may contain an additive. Examples of the additive include excipients (e.g., starch, lactose, sugar, cal- 
cium carbonate and calcium phosphate), binders (e.g., starch, gum arabic. carboxymethylcellulose, hydroxypropylcel- 
25 lulose and crystalline cellulose), lubricants (e.g.. magnesium stearate and talc), disintegrators (e.g.. calcium 
carboxymethylcellulose and talc), and the like. 

The above-mentioned ingredients are mixed, and the mixture can be formulated into an oral preparation such as 
capsule, tablet, fine granules, granules, dry syrup and the like, or a parenteral preparation such as injection, suppository 
and the like by a method conventionally known. 
30 While the dose of Compound (I) and pharmaceutical ly acceptable salts thereof of the present invention varies 
depending on administration target, symptom and other factors, it is generally about 0. 1 -50 mg/kg body weight per dose 
for an adult patient with hypercholesterolemia by oral administration in about one to three times a day. 

The present invention is described in more detail in the following by way of Examples, to which the present inven- 
tion is not limited. 

35 

Example 1 : 1-butyl-3-(1-hexyl-4,6-dimethylindolin-5-yl)urea 

(1) 1-acetyl-4,6-dimethylindoline 

40 4,6-Dimethylindole (1 .08 g) was dissolved in acetic acid (20 ml), and sodium cyanoborohydride (2.3 g) was added 
portionwise at 15°C. The mixture was stirred at said temperature for one hour and poured into ice water. Saturated 
aqueous sodium hydrogencarbonate was added to neutralize the mixture and the mixture was extracted with ethyl ace- 
tate. The extract was washed with saturated brine and dried over sodium sulfate. The solvent was evaporated under 
reduced pressure. The residue was dissolved in benzene, and acetic anhydride (840 mg) was added, which was fol- 

45 lowed by stirring at room temperature for one hour. The reaction mixture was washed with saturated aqueous sodium 
hydrogencarbonate and saturated brine, and dried over sodium sulfate. The solvent was evaporated under reduced 
pressure. The residue was purified by silica gel column chromatography (developing solvent : chioroform«methanol=1 :0 
- 10:1) to give 1.3 g of the title compound (1). 

so 1 H-NMR (CDCI 3 ) 6 : 

2.18 (6H, s, -CH 3 , -COCH3), 2.30 (3H, s. -CH 3 ), 

3.00 (2H, t. J=8.3Hz. (VHg), 4.03 (2H, t. J=8.3Hz, C2-H2), 

6.66 (1H. s. C 5 -H). 7.89 (1H. s. C 7 -H) 

55 

(2) 1 -acetyl-4,6-dimethyl-5-nitroindoIine 

1-Acetyl-4,6-dimethylindoline (2.6 g) was dissolved in acetic anhydride (35 ml), and nitric acid (d=1.5. 0.92 ml) dis- 
solved in acetic anhydride (15 ml) was added dropwise at 0°C. The mixture was stirred at room temperature for one 
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15 



20 



25 



™*?J° Uie6 ,nt0 ' ce ^Saturated aqueous sodium hydrogencarbonate was added to neutralize the mixture 
£ iZTT* r S eXtraC,6d * rth ch,or °fo^ ^e extract was washed with saturated brine and dried o£ «£S£j 
n£« f Vent T eVaP ° ra,ed under reduced P ressure The residue was purified by silica gel coLn ch^^a- 
phy (developing solvent : chloroform-methanol= 1 :0 - 100:1) to give 2.4 g of L title JmpourS "™ cnromat °9 ra 

^-NMR (CDCI 3 ) 8 : 

2.1 7 (3H, s, -COCH3). 2.24 (3H. s. -CH 3 ) 

2.30 (3H, S, -CH 3 ). 3.08 (2H. t. J=8.4Hz. C3-H0). 

w 4.14 (2H.t J=8.3Hz. C 2 -H2). 8.00 (1 H, s, C7-H) 

(3) 4,6-dimethyl-l -hexyl-5-nitroindoline 

acid l 2 S^tl!25 yl tl ftroind 2i? e ( t\ 9) ° b,ained in (2) raS diSsolved in metnano1 - (25 ml) and 6N hydrochloric 
acid (20 ml) was added, wh.ch was followed by refluxing for 15 hours. After the completion of the reaction the solvent 

lT:l; 5 t red ^ P'essurejhe residue was dissolved in chloroformed the £^J2SS 
saturated aqueous sod.um hydrogencarbonate and saturated brine, and dried over sodium sulfate The solvent was 

sodtum hydr.de (abt 50% ,n o.l suspens.cn. 457 mg) was added at 0°C. The mixture was stirred at said temperatu efS 
0.5 hour and hexyl bromide (1 .8 g) was added to the reaction mixture, which was followed by sSat Z fSZI™ 
ture for 3 hours. Water was added to the reaction mixture, and the mixture was extract wrth e% ace aT ^SSS 
was washed wrth saturated brine and dried over sodium sulfate. The solvent was evaporated unSa SSJSiS? 

^iv^gTth^ ~° — 5TS5 

'H-NMR (CDCI3) 5 : 

0.90 (3H. br-t, -CH 3 ). 1 .2 - 1 .8 (8H. m, -(CH 2 ) 4 -) 

2.17(3H.s,-CH 3 ), 2.30(3H.s.-CH 3 ) 

30 3.00 (2H.t J=8.4Hz. C 3 -H2), 3.09 (2H. t. J=7.2Hz, N-CHo) 

3.51 (2H, t J=8.3Hz, C 2 -H2), 5.99 (1 H, s. C 7 -H) 

(4) 1 -butyl-3-(1-hexyl-4,6-dimethylindolin-5-yl)urea 

35 M *l 6 ^r th f 1 " he ^" 5 ; nitr0ind0line 0 0 9) 0btained in < 3 > was dissolv «* in benzene (40 ml) and 10% palladium- 
f me*S olf aShTfiS t0 a,,ow h h y dro 9 ena * i °n « 4°°C. After the completion of the reaction, iSmSSS was 
ZES ^ 3te WaS W3Shed saturated a q ueou s sodium hydrogencarbonate and MturatedbnTe S 

ture was washed with saturated brine and dried over sodium sulfate. The so.ven7vS lSSSS!^^SZ 

;ana recfystainzed from ethanol to give 650 mg of the title compound (4). 

*s 1 H-NMR(CDCI 3 )8: 

0.91 (6H. br-t, -CH 3 ), 
1-0 - 2.0 (12H, m. -(CH2) 4 -. -(CH^-). 

2.09 (3H. s, -CH 3 ). ~ 2 19 f3H s CH 1 

2.6 - 3.6 (8H. m, CO-CH 2 . C^, N-CH 2> C^). 

^ssra «.(ih*n* 

Example 2 : N-(1-hexyl-4,6-dimethylindolin-5-yl)-2.2-dimethylpropanamide 
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ing solvent : chloroform-methanol=1 :0 - 50:1) and recrystaliized from ethanol to give 650 mg of the title compound. 
1 H-NMR(CDCl3)S: 

0.84 (3H, br-t. -CH 3 ), 1.1 - 1.8 (8H. m. -(CH^-). 

1.33 (9H, s, -(CH 3 )3) ( 2.00 (3H, s, -CH 3 ), 

2.1 1 (3H. s. -CH3). 2.82 (2H. t. J=7.8Hz, C^-H;,), 

2.99 (2H, t. J=7.2Hz, N-CH 2 ), 3.33 (2H t t. J=7.8Hz, C^-^). 

6.16 (1H,s. Cy-H), 6.70 (1H, br, N-H) 

Example 3 : N-(1-hexyM,6<Jimethylindolin-7-yl)-2.2<iimethyIpropanamide 
(1)1 -acetyl-5-bromo-4,6-dimethylindoiine 

75 l-Acetyl-4,6-dimethylindoline (5.5 g) was dissolved in acetic acid (150 ml), and bromine (2.2 ml) was added drop- 
wise at room temperature. The mixture was stirred at room temperature for 1 hour, and poured into ice water. The pre- 
cipitated solid was collected by filtration, and recrystaliized from methanol to give 6.5 g of the title compound (1). 



w 



20 



^-NMR (CDCI 3 )S: 

2.19 (3H, s, -COCH 3 ), 2.27 (3H, s, -CH 3 ), 

2.39 (3H, s. -CH 3 ), 3.06 (2H, t, J=8.4Hz, C 3 -H 2 ). 

4.03 (2H, t, J=8.4Hz, C 2 -H 2 ), 7.99 (1H, s. C 7 -H) 

25 (2) 5-bromo-4,6-dimethyl-7-nitroindoline 

Concentrated sulfuric acid (25 ml) and nitric acid (d=1 .56. 1 .46 ml) were added to acetic acid (25 ml), and 1 -acetyl- 
5-bromo-4,6<iimethylindoline (6.5 g) obtained in (1 ) was added while stirring the mixture at 0°C, which was followed by 
stirring at said temperature for 18 hours. The reaction mixture was poured into ice water, and the precipitated solid was 
30 collected by filtration and washed thoroughly with water. The obtained solid was suspended in ethanol (50 ml) and water 
(10 ml). Sodium hydroxide (20 g) was added and the mixture was refluxed for 3 hours. The solvent was evaporated 
under reduced pressure and chloroform was added. The mixture was washed with saturated brine and dried over 
sodium sulfate. The solvent was evaporated under reduced pressure. The residue was purified by silica gel column 
chromatography (developing solvent : benzene) to give 4.8 g of the title compound (2). 



35 



1 H-NMR(CDCI 3 )5: 



2.29 (3H, s. C4-CH3), 2.65 (3H. S. Cg-Chij), 

3.10 (2H. t, J=8.4Hz, C 3 -H 2 ), 3.82 (2H, t. J=8.4Hz, C 2 -H 2 ), 
40 9.0 (1H, br, N-H) 

(3) N-(1 -hexyl-4,6-dimethylindolin-7-yl)-2,2-dimethylpropanamide 

5-Bromo-4,6<limethyl-7-nitroindoline (3.0 g) obtained in (2) was dissolved in dimethylformamide (60 ml) and 
45 sodium hydride (abt. 60% in oil suspension, 530 mg) was added at 0°C, which was followed by stirring at said temper- 
ature for 0.5 hour. Hexyl bromide (1 .8 g) was added to the reaction mixture and the mixture was stirred at room temper- 
ature for 12 hours. Water was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The 
extract was washed with saturated brine and dried over sodium sulfate. The solvent was evaporated under reduced 
pressure. The residue was purified by silica gel column chromatography (developing solvent : hexane-ethyl acetate= 
so 1 :0 - 10:1). The obtained solid was dissolved in benzene (40 ml) and 10% palladium-carbon (100 mg) was added to 
allow hydrogenation at 40°C. After the completion of the reaction, palladium-carbon was filtered off, and the filtrate was 
washed with saturated aqueous sodium hydrogencarbonate and saturated brine, and dried over sodium sulfate. The 
solvent was evaporated under reduced pressure. 

7-Amino-4.6-dimethyl-1 -hexyl indoline thus obtained was dissolved in chloroform (20 ml), and triethylamine (1 .0 g) 
55 and pivaloyl chloride (1 .0 g) were added to the reaction mixture, which was followed by stirring at room temperature for 
1 hour. Water was added to the reaction mixture, and the mixture was washed with saturated brine and dried over 
sodium sulfate. The solvent was evaporated under reduced pressure. The residue was purified by silica gel column 
chromatography (developing solvent : chloroform-methanol=1 :0 - 50:1). The obtained compound (3) was dissolved in 
ethanol and 10N hydrochloric acid/ethanol (1 ml) was added. The solvent was evaporated under reduced pressure. The 
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is 



20 



residue was recrystallized from ethanol to give 700 mg of hydrochloride of the title compound (3). 
1 H-NMR(CDCI 3 )6: 

0.90 (3H, br-t, -CH 3 ), 1 .1 - 1.6 (8H, m, -(CH^-), 

1 .41 (9H. s, -(CH 3 ) 3 ), 2.15 (3H, s. -CH 3 ), 

2.25 (3H, s. -CH 3 ), 3.15 (4H, m. C 3 -H 2 , N-CHa), 

3.70 (1 H, m, C 2 -H), 4.00 (1 H, m, C 2 -H). 

7.12 (1H, s. C 5 -H), 9.2 (1H, br, N-H) 

Sample 4 : 1-butyl-3-(1-hexyl-4,6-dimethylindolin-7-yl)urea 

7-Amino-4,6-dimethyl-1-hexylindoline (800 mg) was dissolved in chloroform (20 ml) and butyl isocyanate (400 mg) 
was added, which was followed by stirring at room temperature for 18 hours. Water was added to the reaction mixture 
and the mixture was washed with saturated brine and dried over sodium sulfate. The solvent was evaporated under 
reduced pressure The residue was purified by silica gel column chromatography (developing solvent : chloroform- 
methanol=1 :0 - 50:1 ) and recrystallized from ethanol to give 450 mg of the title compound. 

1 H-NMR(CDCI 3 )S : 



0.88 (6H, br-t, -CH 3 ), 

1.0-1.8 (12H, m, -(CH 2 ) 4 -, -(CH^-), 

2.13 (6H, s, -CH 3 x 2), 2.83 (2H, t. J=8.3Hz. C^Hg), 

3.20 (4H, N-CH 2 * 2), 3.43 (2H, t, J=8.3Hz, C 2 -Ho) 

25 4.80 (1 H, br-t, NH-CH2), 5.52 (1 H, br-s, C 7 -NH) 

6.40 (1H. s, C 5 -H) 



30 



Examples s-3fi 

In the same manner as in any one of the above-mentioned Examples 1 -4, the compounds shown in Tables 1 and 
2 were obtained. 
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The 1 H-NMR data of the compounds of the above Examples 5-36 are shown in the following. 
1 H-NMR(CDCI 3 )5: 

Example 5 : (hydrochloride) 0.91 (3H, br-t), 1.1-1.8 (8H, m), 1 .34 (9H. s). 2.09 (3H, s), 2.93 - 3.48 (4H, m), 
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Example 6 : 
Example 7 : 
Example 8 : 
Example 9 : 
Example 10: 
Example 1 1 : 
Example 12: 
Example 13: 
Example 14: 
Example 15: 
Example 16: 
Example 1 7: 
Example 18: 
Example 19: 
Example 20: 
Example 21: 
Example 22: 
Example 23: 
Example 24: 
Example 25: 
Example 26: 
Example 27: 
Example 28: 
Example 29: 
Example 30: 
Example 31: 
Example 32: 
Example 33: 

Example 34: 



- 3.82 (1H, m). 3.82 - 4.35 (1H, m). 7.12 (1H, d), 7.32 (1H t d). 9.36 (1H. br-s) 

0.93 (3H. br-t). 1.0 - 2.0 (19H. m), 1.35 (6H, s), 2.12 (3H. s). 2.19 (3H. s), 2.98 (2H, t). 3.25 (2H t) 

3.65 (2H, t). 6.80 (1H. s). 8.09 (1 H, br-s) 

0.87 (3H, br-t), 1.1-1.8 (8H, m). 1.31 (9H. s). 2.84 (2H. t). 3.16 (2H. t), 3.44 (2H, t) 3 74 (3H s) 
3.79 (3H, s). 5.86 (1 H. s) V ' *' 

0.92 (3H, br-t), 1.39 (9H, s), 1.2 - 1.9 (4H, m). 2.08 (3H, s). 2.15 (3H, s), 2.80 - 3.30 (4H. m) 3 60 
(2H,t).6.68(1H,s), 7.78(1 H. br-s) * 
0.90 (3H, br-t), 0.92 (3H, br-t). 1.08- 1.88 (10H, m), 1.29 (6H. s), 2.05 (3H, s). 2.12 (3H, s) 2 81 
(2H, t). 3.13 (2H, t), 3.40 (2H, t). 6.39 (1H, s), 6.74 (1H, br-s) 

0.63 - 1.05 (6H, m). 1.05 - 1.82 (14H, m), 1.29 (6H, s), 2.08 (3H, s), 2.10 (3H. s), 2.82 (2H. s), 3.13 
(2H, t), 3.41 (2H, t), 6.41 (1 H, s), 6.77 (1 H, br-s) 

0.88 (3H, br-t). 1.01 - 1.87 (12H. m), 1.35 (9H, s), 2.09 (3H, s). 2.14 (3H, s), 2.82 (2H t) 3 13 (2H 
t). 3.52 (2H. t), 6.60(1 H, br-s) " ' 

1.18 (3H, t), 1.35 (9H, s), 2.09 (3H, s), 2.15 (3H, s), 2.92 (2H, t), 3.22 (2H, q). 3.56 (2H t) 6 62 (1H 
s), 7.57(1 H, br-s) /%./.%. 

0.88 (3H, br-t), 1.08 (3H, t), 1.29 (6H, s), 1.1 - 1.9 (10H, m), 2.08 (3H. s), 2.22 (3H s) 2 82 (2H t) 
3.21 (2H, q), 3.33 (2H. t). 6.43 (1 H, s), 6.84 (1 H, br-s) 

0.90 (3H, br-t). 0.92 (3H. br-t), 1.08 - 1.88 (14H, m), 1.29 (6H, s). 2.05 (3H. s), 2.12 (3H, s) 2 81 
(2H, t), 3.13 (2H, t), 3.40 (2H, t), 6.39 (1 H, s). 6.74 (1 H, br-s) 

0.63 - 1 .05 (6H, m), 1 .05 - 1 .82 (18H, m), 1 .34 <6H, s), 2.1 1 (3H, s). 2.1 7 (3H, s), 2.95 (2H, s) 3 13 
(2H, t). 3.60 (2H, t), 6.72 (1H, s). 7.8 (1H, br) 

0.89 (3H, br-t), 1.05- 1 .70 (8H, m), 1 .81 (3H, s), 2.1 1 (3H, s), 2.15 (3H. s). 2.81 (2H, br-t), 2 6-38 
(4H, m), 6.39 (1H, s), 6.58 (1H. br), 6.72 (1H, br) 

0.87 (3H, br-t). 1 .05 - 1 .90 (8H, m). 1.25 (3H.s), 1.32 (3H. s). 2.11 (3H, s), 2.17 (3H s) 267 (1H 
m), 2.7 - 3.4 (4H. m), 3.59 (2H. t), 6.69 (1H, s), 7.83 (1H, br-s) 

0.87 (3H, br-t). 1.05 - 1.80 (8H. m), 1.21 (6H, s), 2.17 (6H. s). 2.48 (2H. s). 2.55 (2H. s). 3.01 (2H 
t). 3.10 (2H, t). 3.54 (2H. t). 6.70 (1H, s), 6.8 - 8.2 (1H. br-s). 8.72 (1H. br-s) 
0.87 (3H, br-t). 1.05 - 1.80 (8H, m). 1.17 (3H, t). 1.20 (3H, t), 1.35 (9H. s). 2.22 - 2 62 (4H m) 2 91 
(2H. t). 3.04 (2H, t), 3.48 (2H, br-t). 6.56 (1H, s), 7.25 (1H, br-s) 

0.85 (3H, br-t), 1 .05 - 1 .80 (8H. m). 1 .27 (6H, s). 1 .80 - 2.25 (2H. m), 2.10 (3H, s), 2.16 (3H s) 2 25 
- 2.55 (2H, m), 2.90 (2H, t), 3.04 (2H, t). 3.47 (2H f t). 6.69 (1H. s). 8.49 (1H, br-s). 8.95 (1H, br-s) 
0.83 (3H, br-t), 0.87 (3H. br-t), 1.1 - 1.8 (1 1H, m), 2.11 (3H, s), 2.16 (3H, s), 2.29 (1H t) 2 85 (2H 
t). 3.22 (2H,t), 3.55 (2H, t), 6.49 (IH.s). 6.68 (1H,br) " 
1.27 (9H. s), 2.04 (6H, s). 2.13 (3H. s), 3.06 (2H, t), 3.43 (2H. t). 3.75 (2H, t). 4.29 (2H, t), 6.87 (1 H 
S). 9. 15(1 H, br-s) V 
1.33 (9H, s), 2.04 (3H, s). 2.09 (3H, s), 2.8 - 2.9 (4H, m), 3.38 (3H, s). 3.4 - 3.6 ( 4H, m). 6.36 (1H, 
s). 7.35 (1H, br-s) 

1.16 (3H. t). 1 .32 (9H. s), 2.04 (3H. s), 2.09 (3H, s), 2.82 (2H, t), 3.3 - 3.6 (8H. m), 6.53 (1H, s). 7.40 
(1 H, br-s) 

0.88 (3H, br-t). 1.35 (9H. S), 1.2 - 1.9 (6H. m). 2.08 (3H. s). 2.15 (3H. s). 2.92 (2H, t). 3.13 (2H. t). 
3.55 (2H. t). 6.23 (1H. s). 7.60 (1H. br-s) 

1.1 -1.9(6H.m), 1- 39 (9H.S). 2.07 (3H.S), 2.13 (3H.S), 2.29 (2H.t). 2.84 (2H,t). 3.11 (2H t) 3 43 
(2H, t). 5.40 (1H. br). 6.52 (1H, s). 7.30 (1H, br-s) 

0.87 (3H, br-t). 1.1-1.8 (10H. m). 1.34 (9H. s). 2.07 (3H. s). 2.13 (3H. s). 2.87 (2H. t), 3.13 (2H. t) 
3.49 (2H. t), 6.52 (1H. s). 7.20 (1H, br-s) 

0.87 (3H. br-t). 1.1-1.8 (8H. m). 1.26 (6H. s). 1.99 (3H. S). 2.08 (3H. s). 2.78 (2H, t). 3.10 (2H. t). 
3.37 (2H. t). 3.48 (2H. s), 4.00 (1 H. br-s). 6.35 (1 H. s). 7.81 (1H, s) 

0.87 (3H. br-t). 1.1-1.8 (8H. m). 1.28 (6H. s). 2.07 (6H. s), 2.12 (3H. s). 2.84 (2H. t). 3.14 (2H t) 
3.43 (2H. t). 4.20 (2H, s). 6.48 (1 H, s), 7.35 (1 H. s) 

0.87 (3H. br-t). 1.1-1.8 (8H. m). 2.15 (6H. s), 2.82 (2H. t). 3.16 (2H. t). 3.43 (2H. t). 6.43 (1H. s). 
7.42 (2H. m). 8.22 (1H. m). 8.75 (1H. m). 9.16 (1H. br-s) 

0.90(6H.d), 1.3 -1.8 (3H.m). 1.36 (9H.s). 2.09 (3H.s). 2.16 (3H.s). 2.92 (2H t) 3 16(2H t) 3 54 
(2H. t). 6.65 (1H. s). 7.65 (1H. br-s) 

0.94 (6H. d). 1.33 (9H. s). 1.7 - 2.0 (1H. m). 2.04 (3H. s). 2.10 (3H. s). 2.82 (2H. t). 2.94 (2H. t). 3.38 
(2H. t). 6.37 (1H. s). 6.70 (1H. br-s) 

0.85 (3H, br-t). 1.1-1.8 (8H. m). 1.44 (6H. s). 2.03 (3H. s). 2.08 (3H. s), 2.80 (2H. t). 3.14 (2H t) 
3.41 (2H. t). 4.50 (2H. s). 6.37 (1H. s). 7.04 (1H. br-s). 7.40 (2H. m). 8.28 (1H. m). 8.75 (1H. m). 
9.21 (1H. d) 

0.88 (3H. br-t). 1.1 - 1.8 (8H. m). 1.23 (3H. 1). 1.27 (6H. s). 2.07 (3H, S). 2.10 (3H. s). 2.81 (2H. t). 
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3.18 (2H, t). 3.41 (2H, t). 3.48 (2H, s). 3.55 (2H f q), 6.37 (1H. s), 8.00 (1H, br-s) 
Example 35: 0.88 (3H. br-t), 1.1-1.8 (14H, m), 1.24 (6H, s). 2.10 (6H. s), 2.50. (2K t). 2.90 (2H, t), 2.8 - 3.6 (8H. 

m), 6.39 (1 H, s), 7.00 (1 H, br-s) 
Example 36: 0.87 (3H, br-t), 1.2 - 1.9 (2H, m), 1.35 (9H, s) t 2.08 (3H. s), 2.15 (3H, s). 2.93 (2H, t). 3.12 (2H, t). 

3.50 (2H, t). 6.30 (1H, s), 7.40 (1H. br-s) 

In the same manner as in any one of the above-mentioned Examples 1-4, the compounds shown in Tables 3 to 9 
can be obtained. 
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-CH, 
-CH, 


-H 

-H 
-H 


-CH, 

-CH, 
-CH, 


-C(CH,),-(CH,),-N-CH, 

CH,-Q 
-C(CH,),-(CH 2 ).-0 
-C(CH,),-(CH,).-OnL 

6 


-CH,CH, 

""CH2CH3 

~CH2CH3 


30 


57 
58 
59 


-CH, 
-CH, 
-CH, 


-H 
-H 
-H 


-CH, 
-CH, 
-CH, 


-CH,C(CH,), 

-C(CH,),(CH,),SO,Na 

-CH2C(CH,),(CH 2 ),S0,Ka. 


-(CH,).CH, 
-(CH,),CH, 
-(CH 2 )«CH, 


35 


60 


-CH, 


-H 


-CH, 


H,&-> 


-(CHa)aCH, 


40 


61 


-CH, 


-H 


-CH, 


h h ;£> ch ' 


-(CHa)aCH, 


45 

50 


62 
63 
64 
65 
66 
67 


-H 
-H 

11 

-H 
-H 
-H 
-H 


-H 
-H 
-H 
-H 
-H 
-H 


-OCH, 
-OCH, 

-OCHCCH,), 
-OCH(CH,) s 
-OCHCCH,)* 
-OCHCCH,), 


-C(CH,), 
-CCCH,), 
-CCCH,), 

-C(CH,)a 

-(CH,),CH, 

-CCH,),CH, 


-(CHi)«CH» 
-(CHa^CHa 
-(CHa)«CH, 

-(CH,)*CH, 
-(CH,) 5 CH, 
-CCH,),CH, 



55 
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Table 5 











R 4 =-NHCO-R* 


* 


—) " 
1 

R 5 


Example 


R 1 


R* 


R a 


-R'-R 6 - 


68 


-CH, 


-H 


-CHa 


-C(CH,),(CH*) 2 - 


69 - 


-CHa 


-H 


-CH, 


-CH s C(CH,)a(CHa)a- 


70 


-CH, 


-H 


-CHa 


-C(CHa),CH,0CO(CH*)a- 


71 


-CH, 


-H 


-CH, 


-C(CHa)iCH a 0C0C(CH,)a(CHz),- 
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Table 6 

R ; =-NHC0NH-8 7 



r^XalUMAC 


R 1 


R 1 


R 1 


R 7 


R $ 


72 


-H 


-H 


-CHa 


-C(CHa)a 


-CCH 4 ),CH, 


73 


-CH, 


-H 


-CH, 


-o 

> f 


-CCH,) 5 CHa 


74 - 


-OCH, 


-H 


-OCH, 


-C(CHa)a 


-CCH,) 8 CH» 


75 


-CH, 


-H 


-CH, 


-C(CHa)a 


3CH3 


76 


-CH, 


-H 


-CHa 




-CCH,),CH, 


77 


-CH, 


-H 


-CH, 


-C(CHa), 


-CCH,) 7 CH, 


78 


-CH, 


-H 


-CH, 


-C(CHa). 


-CH,CHa 


79 


-CH, 


-H 


-CH, 


-o 


~CHaCHa 


80 


-CH, 


-H 


-CH, 


-(CHa).CH, 


-CCH,),CH, 


81 


-H 


-H 


-CH, 


-CH, 


-CCH,) 8 CH, 


82 


-H 


-H 


-CH, 


-(CH,),CH, 


-(CH,) S CH, 


83 


-H 


-H 


-CH. 


-(CHa)sCH, 


-CCH,),CH, 


-84 


-H 


If 

-H 


-CHa 


fa 
-CH, 


-v.Cn,y7Cna 


85 


-H 


-H 


-CH, 


-CCH,),CH, 


-(CH,)7CH, 


86 


-H 


-H 


-CH, 


-(CHa).CH, 


-CCH,)7CH, 


87 


-H 


-H 


-OCHa 


-CH, 


~CHjCH3 


88 


-H 


-H 


-OCH, 


-CCH,),CH, 


""CHa CHa 


89 


-H 


-H 


-OCH, 


-(CH,) S CH, 




90 


-H 


-H 


-OCH, 


-CH, 


-CCH,),CH, 


91 


-H 


-H 


-OCH, 


-(CHa),CH, 


-(CHa)aCH, 


92 


-H 


-H 


-OCH, 


-CCH,) 5 CHa 


~(CH,)aCH, 
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Table 7 



5 


V 








R*=-NHC0NH-R 7 




10 


ft 
V 

MX 


1 

N 


• 






15 


Example 


R l 


R* 


R 4 


R T 


R 8 


20 


93 


-H 


-CH, 


-H 


-C(CHa), 


-CCH,),CH, 




94 


.-CH, 


-CH, 


-H 


-C(CH,),(CH,),CH, 


-(CHa)sCH, 




95 


-0CH, 


-OCH, 


-H 


-CCCH,), 


-(CH,),CH, 


25 


96 


-CHa 


-CH, 


-H 


-C(CH,), 


-(CH,),CH, 




97 


-CH, 


-CH, 


-H 


-C(CHa),(CH,)aCH, 


-(CH,),CH, 


30 


98 


-CH, 


-CH, 


-H 


-C(CH,),(CH,),CH, 


-(CH,),CH, 




99 


-CH« 


-CH* 

will 


-H 

11 


vvvna,/ 1 


\un,y twi, 




100 


-CH, 


-CH, 


-H 


-CCCH,), 


-CHjCHa 


35 


101 


-CH, 


-CH, 


-H 


-C(CH,),(CH,),CH, 


"CHiCHj 




102 


-CH, 


-CH, 


-H 


-CCH,),CH, 


-(CH,),CH, 


40 


103 


-CH, 


-CH, 


-H . 


-CCH,).CH, 


-(CH,),CH, 



45 



SO 
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Table 8 



5 



10 




15 


Example 


R 1 


R a 


R 4 


R« 


R 5 


20 


104 


H 


-OCH, 


-H 


-CH, 


-CH,CH, 




105 - 


-H 


-OCH, 


-H 


-(CH,),CH, 


-CH,CH, 




106 


-H 


-OCH, 


-H 


-(CH,)jCH, 


-CH,CH, 


25 


107 


-H 


-OCH, 


-H 


-CH, 


-(CH»),CH, 




108 


-H 


-OCH, 


-H 


-CCH,),CH, 


-(CH,),CH, 



30 



35 



40 



45 



50 
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Table 9 



10 




15 


•Example 


n f 

R 1 


R* 


R 3 


R* 


R e 


SO 


109 


-CH, 


-H 


-CH, 


-C(CH,), 


-(CHi),CH, 




110 - 


-H 


-H 


-CH, 


-C(CH,), 


-(CH,),CH, 




111 


-CH, 


-H 


-CH, 


-C(CHa),(CH,).CH, 


-CCH,),CH, 


25 


112 


-0CH, 


-H 


-OCH, 


-C(CH,), 


-CCH,),CH, 




113 


-CH, 


-H 


-CH, 


-C(CH,), 


-(CH,),CH, 


30 


114 


-CH, 


-H 


-CH, 


-C(CH,),(CH,),CH, 


-(CH,),CH, 




115 


-CH, 


-H 


-CH, 


-C(CH,),(CH,),CH, 


-CCH,),CH, 




116 


-CH, 


-H 


-CH, 


-C(CH,), 


-CCHOtCH, 


35 


117 


-CH, 


-H 


-CH, 


-C(CH,), 


-CH,CH, 




118 


-CH, 


-H 


-CH, 


-C(CH,),(CH,) B CH, 


-CH,CH, 



40 



Experiment al Example 1 : ACAT inhibitory activity 

A high cholesterol feed [a feed added with cholesterol (1%), Clea Japan, Inc.] was fed to male Japanese white rab- 
bits weighing 2-2.5 kg at 100 g per day and the rabbits were bred for 4 weeks. The rabbits were killed by bleeding under 
anesthesia and small intestine was removed. The mucous membrane of small intestine was peeled, collected and 
homogenated. The homogenate was centrifuged at 4°C and 10.000 rpm for 15 min. The obtained supernatant was fur- 
ther centrifuged at 4°C and 41 ,000 rpm for 30 minutes to give microsomal fractions. Using this microsomal suspension 
as an enzyme sample, dimethyl sulfoxide (DMSO, 5 or a test compound dissolved in DMSO (test compound solu- 
tion, 5 nl), and a reaction substrate [1- 14 C]-oleoyl CoA were added to a reaction buffer. After incubation at 37°C for 5 
minutes, a chloroform-methanol mixture was added to stop the reaction. Water was added thereto and mixed, and chlo- 
roform layer was separated. The solvent was evaporated to dryness, and 1he residue was dissolved in hexane. The mix- 
ture was subjected to thin layer chromatography using a silica gel plate. The spots of cholesteryl oleate on the silica gel 
plate were scraped, and quantitatively assayed on a liquid scintillation counter. The ACAT inhibitory activity of the test 
compound was expressed as a proportion (%) of inhibition of cholesteryl oleate. namely, the proportion of inhibition of 
cholesteryl oleate production as compared to control. 

The results are shown in Tables 10-11. 
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Experimental Example 2 : serum total cholesterol reducing effect 

Male Wister rats weighing 1 80-200 g were bred under free aocess to a high cholesterol feed [added with cholesterol 
(1%), cholic acid (0.5%) and coconut oil (10%). Clea Japan, Inc.] for 3 days, during which period a test compound (10- 
5 1 00 mg/kg) suspended in 5% gum arabic solution was forcibly administered once a day orally for 3 days. Only 5% gum 
arabic solution was administered to control animals. After final administration, the test animals were fasted for 5 hours 
and the blood was taken. The serum total cholesterol level was determined using a commercially available assay kit 
(cholesterol-E-Test Wako, Wako Pure Chemical Industries. Ltd.). The activity of the test compound was expressed as 
a proportion (%) of reduction of serum total cholesterol level, namely, the proportion of reduction of serum total choles- 
10 terol as compared to control. 

The results are shown in Tables 10-11. 

Experimental Example 3 : LDL peroxidation inhibitory effect 

15 Male Japanese white rabbits weighing 2-2.5 kg were bred on 100 g per day of a high cholesterol feed [added with 
cholesterol (1%), Clea Japan, Inc.] for 4 weeks. The blood was taken from carotid and plasma was obtained. Then, LDL 
was fractionated from the plasma by ultracentrifugation, dialyzed for one day and preserved at 4°C. LDL (400 jig) and 
aqueous copper sulfate solution (final concentration 5 *iM) were added to bufferized Ham F-10 medium (2 ml, GIBCO. 
USA). DMSO or a solution (20 pi) of test compound dissolved in DMSO was added and the mixture was incubated at 

20 37°C for 24 hours. After the completion of the incubation, LDL peroxide in medium was allowed to develop color by thio- 
barbituric acid method and assayed as malondialdehyde. The activity of the test compound was expressed as malond- 
ialdehyde production inhibitory ratio (%). namely, the proportion of inhibition of production of malondialdehyde as 
compared to control. 

The results are shown in Tables 10-11. 

25 

Experimental Example 4 : plasma lipoperoxidation inhibitory effect 

The blood was taken from male Japanese white rabbits weighing 2-2.5 kg under anesthesia and heparinized 
plasma was separated by a conventional method. To the plasma (2.0 ml) was added DMSO or a solution (20 ixl. final 
30 concentration 10" 5 M) of test compound dissolved in DMSO, and aqueous copper sulfate solution (final concentration 5 
mM) was added immediately thereafter. The mixture was incubated at 37°C for 3 hours. After the completion of the incu- 
bation, 20% trichloroacetic acid was added to stop the reaction. Then, the mixture was centrifuged at 4°C, 4,500 rpm 
for 15 minutes. The lipoperoxide in the supernatant thus obtained was assayed as malondialdehyde upon color devel- 
opment by thiobarbituric acid method. The activity of the test compound was expressed as malondialdehyde production 
35 inhibitory ratio (%), namely, the proportion of inhibition of production of malondialdehyde as compared to control. 
The results are shown in Tables 10*1 1. 
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Table 10 



Test comDound 


Rp^iilt nf Pvn Py 1 

n©oUll (Jl C-AJJ. UA. I 

(%) -1 


piesuit of cxp. Ex. 2 
(%)*2 


Resutt of Exp. Ex. 3 
(%)*3 


Result of Exp. Ex. 4 
(%) *4 


Example 1 


76.6 ** 


12.9 *** 


1 99.2 


94.3 


Example 2 


59.9 ** 




99.5 


95.8 


Example 3 


97.5 ** 


54.4 ** 


93.3 


90.4 


Example 4 


94.9 ** 


21.4** 


59.5 


92.0 


Example 6 


99.8** 


53.3 ** 


24.8 


37.4 


Example 7 


96.2 ** 


19.2 ** 


86.6 


86.4 


Example 8 


99.7" 


48.0** 


91.9 


85 1 


Example 9 


81.3 ** 


51.3 ** 


93.7 


81 .6 


Example 10 


98.7** 


55.2 ** 


18.3 


82.6 


Example 1 1 


99.2 ** 


59.5* 


91.6 


78.8 


Example 12 


71.9 ** 


30.3 ** 


90.3 


74.9 


Example 13 


96.0 ** 


28.4 ** 


82.4 


87.1 


Example 14 


96.6 ** 


53.9 ** 


88.3 


93.1 


Example 15 


93.1 ** 


35.0 * 


12.3 1 


90.1 


Example 17 


96.7** 


27.0* 


89.6 


91.1 


Example 18 


69.6* 


22.3 ** 


34.0 


87.1 


Example 20 


22.7* 


7.8* 


67.8 


91.1 


Example 21 


94.4** 


28.3* 


92.1 


91.4 


Example 22 


78.5** 


38.6 *** 


40.6 


92.8 


Example 23 


88.8 ** 


23.6 ** 


54.8 


90.5 



*1 : ACAT inhibition (concentration 10* 4 M, 10' 5 M) 
*2 : reduction of serum total cholesterol (dose 10 mg/kg/day. **: 30 mg/kg/day. — : 100 mg/kg/day) 
w 3 : LDL peroxidation inhibition (concentration : 10' 5 M) 
"4 : plasma lipoperoxidation inhibition (concentration : 10" 5 M) 



40 



45 
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Table 11 





Test compound 


Result of txp. bx. i 
(%) *1 


nesuit ui cxp. ca. & 
(%)*2 


Rf*yjH of Exo Ex 3 
(%)*3 


Result of Exp. Ex. 4 
(%)*4 


5 


Example 24 


97.1 ** 


28.3 ** 


42.2 


90.5 




Examole 25 


96.8 ** 


50.5 ** 


92.2 


93.1 




Example 26 


26.5 ** 


37.4 ** 


43.3 


90.1 


10 


Examole 27 


95.5 ** 


56.9 *** 


92.2 


91.1 




Examole 28 


79.4 ** 


20.8 *** 


92.2 


91.1 




Examole 29 


86.6 ** 


6.9** 


91.9 


91.1 




Examole 30 


83.0 ** 


25.7 *** 


94.1 


91.8 


15 


Examole 31 

LACK i ipiv w ■ 


93.8 ** 


49.0 ** 


90.3 


90.8 




Example 32 


93.9 ** 


57.4 ** 


85.3 


89.1 




Example 33 


82.2 ** 


7.2 ** 


87.0 


89.5 


20 


Example 34 


91.0 ** 


50.2 ** 


82.9 


89.8 




Example 35 


84.6 ** 


20.8 ** 


71.9 


91.4 




Example 36 


95.9 ** 


50.2 ** 


83.2 


89.1 


25 


YM-750 
Probucol 


92.3 ** 
3.4 ** 


43.8 ** 
7.3* 


0 

89.4 


87.5 



*1 : ACAT inhibition (concentration *: 10" 4 M, ■*: 10" 5 M) 

•2 : reduction of serum total cholesterol (dose *: 10 mgykg/day. **: 30 mg/kg/day. 100 mg/kg/day) 

# 3 : LDL peroxidation inhibition (concentration : 10" 5 M) 

*4 : plasma lipoperoxidation inhibition (concentration : 1 0* 5 M) 

YM-750 : 1 -cycloheptyM -[(2-«uorenyl)methyll-3-(2,4 t 6-trimethylphenyl)urea 

Probucol : 4,4'-isopropylidenedrthiobis(2,6-di-t-butylphenol) 



Formulation Example 1 

Tablets having the following composition are prepared by a conventional method. 



Compound of Example 3 


25 mg 


Polyvinylpyrrolidone 


20 mg 


Starch 


75 mg 


Magnesium stearate 


2 mg 



Formulation Examole 2 

Capsules having the following composition are prepared by a conventional capsule packing method. 



Compound of Example 6 


100 mg 


Lactose 


25 mg 


Magnesium stearate 


1 mg 
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The heterocyclic derivative and pharmaceutical^ acceptable salts thereof of the present invention show superior 
ACAT inhibitory activity and lipoperoxidation inhibitory activity, and are useful as ACAT inhibitors or hyperlipemia inhib- 
itors. To be specific, they are useful for the prevention and treatment of arteriosclerotic lesions such as arteriosclerosis, 
hyperlipemia and diabetes, as well as ischemic diseases of brain, heart and the like. 

Claims 

1 . A heterocyclic derivative of the formula (I) 




wherein 

one of R 1 . R 2 , R 3 and R 4 is a group of the formula -NHCO-R 6 wherein R 6 is optionally substituted alkyl, option- 
ally substituted cycioalkyl. optionally substituted cycloalkylalkyl, optionally substituted 
aryl. optionally substituted arylalkyl. optionally substituted heterocycle. optionally sub- 
stituted heterocyclic alkyl. -R A S0 3 A. -R B P0 3 B where R A and R B are each alkylene and 
A and B are each alkali metal or hydrogen atom, -NR 7 R 8 where R 7 is optionally substi- 
tuted alkyl, optionally substituted cycioalkyl. optionally substituted cycloalkylalkyl. 
optionally substituted aryl or optionally substituted arylalkyl and R 8 is hydrogen atom or 
lower alkyl. or -R 9 -OCOR 10 where R 9 is alkylene and R 10 is optionally substituted 
alkyl. optionally substituted heterocycle or optionally substituted heterocyclic alkyl, and 
the remaining three may be the same or different and each is independently a hydrogen 
atom, a lower alkyl or a tower alkoxy; 

r5 is an optionally substituted alkyl, an optionally substituted cycioalkyl, an optionally sub- 

stituted cycloalkylalkyl, an optionally substituted aryl, an optionally substituted aryla- 
lkyl, an optionally substituted heterocycle, an optionally substituted heterocyclic alkyl. 
an alkenyl, an alkynyl, a dialkylaminoacyloxyalkyl, -R 0 SO3D or -R E P0 3 E where R° and 
R E are each alkylene and D and E are each alkali metal or hydrogen atom, provided 
that when R 4 is -NHCO-R 6 . R 5 and R 6 optionally combinedly form a ring; and 

m is 1 or 2, 

or a pharmaceutical^ acceptable salt thereof. 

2. The heterocyclic derivative of claim 1 , which is a member selected from the group consisting of 
1 -butyl-3-(1 -hexyl-4,6-dimethylinddin-5-yl)urea, 
1 -butyl-3-(1 -hexyl-4,6-dimethylindolin-7-yl)urea, 
N-(1-hexyl-4,6-dimethylindolin-5-yl)-2,2-dimethylpropanamide. 
N-(1-hexyM.6<limethylindolin-7-yl)-2,2-dimethylpropanamide, 
N-(1-pentyl-4,6-dimethylindolin-7-yl)-2.2-dimethylpropanamide, 
N-(l-isobutyl^,6<Jimethyiindolin-7-y1)-2,2-dimethylpropanamide. 
N-(1-hexyl-4.6Hjimethylindolin-7-yl)-2,2-dimethylbutanamide, 
N-(l-hexyl^^<iimethylindolin-7-yl)-2,2-dimethylpentanamide. 
N-(1-hexyl-4.6-dimethylindolin-7-yl)-cyclohexanamide. 
N-(1-hexyl-4.6^imethylirKJolin-7-y»)-2,2<Jimethyl-3-ethoxypfopan 
N-(1 -ethoxypropyl-4.6<Jimetr^ 

N-(1-hexyl-4.6-dimethylindolin-7-yl)-2.2-dimethyl-3-piperidinopropanamide. 
N-(1 -piperidinopropyi-4,6-dimethylindolin-7-yl)-2,2-dimethylpropanamide. and 

N-(l-hexyl-4,6-dimethylinddin-7-^ or a pharmaceutical^ acceptable salt 

thereof. 
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3. A method for producing a heterocyclic derivative ot the formula 

R' 

R 2 

V^>, (CH 2 )» 



(I) 



R 

R '» 

10 R 5 



wherein 



15 



one of R\ R 2 , R 3 and R 4 is a group of the formula -NHCO-R 6 wherein R 6 is optionally substituted alkyl. option- 
ally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted 
aryl, optionally substituted arylalkyl, optionally substituted heterocycle, optionally sub- 
stituted heterocyclic alkyl, -R A S0 3 A, -R B P0 3 B where R A and R B are each alkyleneand 
A and B are each alkali metal or hydrogen atom, -NR 7 R 8 where R 7 is optionally substi- 
20 tuted alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, 

optionally substituted aryl or optionally substituted arylalkyl and R 8 is hydrogen atom or 
lower alkyl, or -R 9 -OCOR 10 where R 9 is alkylene and R 10 is optionally substituted alkyl, 
optionally substituted heterocycle or optionally substituted heterocyclic alkyl. and the 
remaining three may be the same or different and each is independently a hydrogen 
25 atom, a lower alkyl or a lower alkoxy; 

r5 i S an optionally substituted alkyl, an optionally substituted cycloalkyl. an optionally sub- 

stituted cycloalkylalkyl. an optionally substituted aryl, an optionally substituted aryla- 
lkyl, an optionally substituted heterocycle. an optionally substituted heterocyclic alkyl, 
an alkenyl, an alkynyl. a dialkyiaminoacyloxyalkyl, -R D S0 3 D or -R E P0 3 E where R D and 
30 R E are each alkylene and D and E are each alkali metal or hydrogen atom, provided 

that when R 4 is -NHCO-R 6 , R 5 and R 6 optionally combinedly form a ring; and 
m is 1 or 2, 

or a pharmaceuticaliy acceptable salt thereof, which comprises a step of 

35 

® reacting amine of the formula (II) 



40 - ^^T^ (CH 2 ) m , N 

(II) 




45 

wherein R 5 is an optionally substituted alkyl. an optionally substituted cycloalkyl. an optionally substituted 
cycloalkylalkyl, an optionally substituted aryl, an optionally substituted arylalkyl, an optionally substituted het- 
50 erocycle. an optionally substituted heterocyclic alkyl, an alkenyl, an alkynyl, a dialkyiaminoacyloxyalkyl, - 

R D S0 3 D or -R E P0 3 E where R D and R E are each alkylene and D and E are each alkali metal or hydrogen 
atom, R 1 1 . R 12 and R 13 may be the same or different and each is independently hydrogen atom, lower alkyl or 
lower alkoxy, and m is 1 or 2 [hereinafter referred to as Compound (II)]. and isocyanate of the formula (III) 



55 



R 7 NCO (»l) 



wherein R 7 is optionally substituted alkyl. optionally substituted cycloalkyl, optionally substituted cycloalkyla- 
lkyl, optionally substituted aryl or optionally substituted arylalkyl; 
@ reacting Compound (II) and halogen compound of the formula (IV) 
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R 6 -COX 



(IV) 



10 



15 



wherein R 6 is optionally substituted alkyl, optionally substituted cycloalkyl. optionally substituted cycloalkyla- 
lkyl, optionally substituted aryl, optionally substituted arylalkyl. optionally substituted heterocycle, optionally 
substituted heterocyclic alkyl. -R A S0 3 A. -R B P0 3 B where R A and R B are each alkylene and A and B are each 
alkali metal or hydrogen atom. -NR 7 R 8 where R 7 is optionally substituted alkyl. optionally substituted 
cyclodlkyl, optionally substituted cycloalkylalkyl. optionally substituted aryl or optionally substituted arylalkyl 
and R 8 is hydrogen atom or lower alkyl. or -R 9 -OCOR 10 where R 9 is alkylene and R 10 is optionally substituted 
alkyl, optionally substituted heterocycle or optionally substituted heterocyclic alkyl and X is halogen atom; 
© reacting Compound (II) and carboxylic acid of the formula (V) 

R 6 'CCXDH (V) 

wherein R 6 * is optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkyla- 
lkyl. optionally substituted aryl, optionally substituted arylalkyl, optionally substituted heterocycle or optionally 
substituted heterocyclic alkyl or a reactive derivative thereof; 
<3> reacting isocyanate of the formula (VI) 



20 



25 



R'* 
R 



N 
I 

R 5 



(CH 2 ), 

) 



(VI) 



30 



35 



40 



wherein R is an optionally substituted alkyl, an optionally substituted cycloalkyl, an optionally substituted 
cycloalkylalkyl, an optionally substituted aryl, an optionally substituted arylalkyl, an optionally substituted het- 
erocycle. an optionally substituted heterocyclic alkyl. an alkenyl, an alkynyl. a dialkylaminoacyloxyalkyl. - 
R S0 3 D or -R PO3E where R D and R E are each alkylene and D and E are each alkali metal or hydrogen 
atom, R , R and R may be the same or different and each is independently hydrogen atom, lower alkyl or 
lower alkoxy, and m is 1 or 2, and amine of the formula (VII) 



HNR 7 R 8 



(VII) 



wherein R 7 is optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkyla- 
lkyl, optionally substituted aryl or optionally substituted arylalkyl and R 8 is hydrogen atom or lower alkyl; or 
© reacting a compound of the formula (VIII) 



45 



50 




(CH 2 ) n 



(VIII) 



wherein one of R 1 , R 2 , R 3 and R 4 is a group of the formula -NHCO-R 6 wherein R 6 is optionally substituted 
alkyl. optionally substituted cycloalkyl. optionally substituted cycloalkylalkyl. optionally substituted aryl. option- 
ally substituted arylalkyl. optionally substituted heterocycle. optionally substituted heterocyclic alkyl. -R A S03 A, 
-R PO3B where R A and R B are each alkylene and A and B are each alkali metal or hydrogen atom. -NR 7 R 8 
where R is optionally substituted alkyl, optionally substituted cycloalkyl. optionally substituted cycloalkylalkyl, 
optionally substituted aryl or optionally substituted arylalkyl and R 8 is hydrogen atom or lower alkyl, or -R 9 - 
OCOR 1 where R 9 is alkylene and R 10 is optionally substituted alkyl. optionally substituted heterocycle or 
optionally substituted heterocyclic alkyl, and the remaining three may be the same or different and each is inde- 
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pendentiy a hydrogen atom, a lower alkyl or a lower alkoxy, and m is 1 or 2, and a compound of the formula (IX) 

R 5 X * (IX) 

wherein R 5 is an optionally substituted alkyl, an optionally substituted cycloalkyt, an optionally substituted 
cycloalkylalkyl, an optionally substituted aryl, an optionally substituted arylalkyl. an optionally substituted het- 
erocycle. an optionally substituted heterocyclic alkyl, an alkenyl. an alkynyl, a dialkylaminoacyloxyalkyl, - 
R°S0 3 D or -R E P0 3 E where R D and R E are each alkylene and D and E are each alkali metal or hydrogen atom 
and X is halogen atom. 

A pharmaceutical composition comprising the heterocyclic derivative of claim 1 or 2. or a pharmaceutical^ accept- 
able salt thereof. 

The pharmaceutical composition of claim 4, which is an acyl-CoA : cholesterol acyttransferase inhibitor. 
The pharmaceutical composition of claim 4, which is a lipoperoxidation inhibitor. 
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